Hepatic steatosis involves an imbalance between the processes of the hepatocytes' lipid uptake and lipid elimination, an overproduction results in the accumulation of excess triglycerides in the cells of the liver. Normally about 5% of the cells contain triglyceride; in steatosis this may exceed 50%. Under 50% the condition is called fatty infiltration, and over 50% it is called fatty liver. In mild forms this does not necessarily lead to disorders in cell functions, but in more severe forms it does; it often precedes the death of the cell. Fatty liver can be considered a pathologic condition which makes the liver more susceptible to other toxic influences. It is not a genuine disease; in most cases it is associated with a noxious state or other pathologic process. Alcohol-induced fatty liver is a current epidemie. The abnormal accumulation of fat in parenchymal organs, including the liver, is called fatty transformation or steatosis. Alone and limited to a certain degree of severity (the appearance of fibrosis), it represents a reversible damage; upon cessation of the underlying cause the liver clears its excess triglyceride content. The treatment is to be aimed at the underlying process; up to now there is no known specific medicine that could clearly reduce the fat accumulated in the hepatocytes. Although the etiologic factors of these diseases differ from each other, the pathological changes in the liver are very similar, thus certain drugs could be equally effective for treating them both. Metadoxine is one of those drugs, mainly due to its liver-protective effect against damage from free radicals. As an effective antioxidant, metadoxine regulates glutathione levels in the liver and throughout the body, thus positively influencing the maintenance of systemic redox homeostasis. The authors discuss in detail the effect of metadoxine in the treatment of fatty liver diseases (alcoholic and non-alcoholic), they also review the effect of metadoxine in both in vitro and in vivo experimental conditions.
Hepatic steatosis involves an imbalance between the processes of the hepatocytes' lipid uptake and lipid elimination, thus overproduction results in the accumulation of excess triglycerides in the cells of the liver. Normally about 5% of the hepatic cells contain triglyceride. In steatosis this may exceed 50%. Under 50% the condition is called fatty infiltration, and over 50% it is called fatty liver. In mild forms this does not necessarily lead to disorders in cell functions, but in more severe forms it does; it often precedes the death of the cell [1] [2] [3] [4] [5] . By itself, to a certain grade of severity (the appearance of fibrosis), it represents a reversible damage, upon cessation of the underlying cause the liver clears its excess triglyceride content. The treatment is to be aimed at the underlying process, up to now there is no known specific medicine that could clearly reduce the fat accumulated in the hepatocytes. Metadoxine is one of those drugs, mainly due to its liverprotective effect against damage from free radicals. As an effective antioxidant, metadoxine regulates glutathione levels in the liver and throughout the body, thus positively influences the maintenance of systemic redox homeostasis. In this review we would like to summarize the most important literary data about metadoxine in order to accordingly use this drug in the treatment of fatty liver diseases.
Metadoxine is a new type of synthetic drug which is being used to treat alcoholic fatty liver. It is a pyridoxine-pyrrolidone-carboxylate compound (Fig. 1) . Its primary effect is to increase elimination of alcohol via the kidneys, and to help clear the by-products of alcohol decomposition, such as acetaldehyde, from the blood and tissues. The process of oxidizing ethanol into acetaldehyde and acetone consumes reduced glutathione levels (Table 1) . Following an insult from alcohol, metadoxine helps restore nicotinamide-adenine-dinucleotide (NAD), glutathione, and adenosine triphosphate (ATP) concentration in the liver and the brain, as well as normalizes alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl transpeptidase (GGT) levels, all of which are characteristic signs of liver regeneration [6] [7] . 
Mechanism of Action
Metadoxine (pyridoxine-L-2-pyrrolidone-5-carboxylate) is a combination of the pyridoxine and pyrrolidone-carboxylate, glutamic acid cyclical-lactam, and the gamma-glutamyl cycle that is responsible for synthesizing and breaking down glutathione. The two sub-units of the molecule occur naturally. The pyridoxine component of the drug (a B6 vitamin) fulfills an important function in the system, such as during the metabolisation of amino acids, carbohydrates, sphingolipids and hemoglobin. It also plays a role in neutralizing and detoxifying biliary acid by synthesizing taurine [6] [7] [8] [9] .
In the tissues, the ion pair molecules could detach, forming N-oxide type molecules which structurally function as spin traps, thus are able to capture singlet oxygen, hydroxyl, and superoxide free radicals. Depending on the concentration, metadoxine acts as a proton donor in the presence of DPPH stable radicals, and the same is true for its reduction capacity [10] [11] .
Alcoholic Liver Disease
Fatty liver is the first stage in the progression of alcoholic liver disease pathogenesis. The development of alcoholic hepatitis and cirrhosis confers a serious prognosis and a different course of treatment. The therapy has four main elements: abstinence, assuring adequate diet/artificial nourishment, medication, and as the last resort: liver transplantation. Early diagnosis and treatment depending on the severity and development of the disease within the liver are crucial to any attempt to retard progression and improve prognosis [12] . The metabolic effects of alcohol are due both to its direct action and to that of its first metabolite, and can also be connected with the changes in the redox state. Differences in ethanol distribution, bioavailability and hepatic metabolism can provide insight into the protective and predisposing factors in alcoholism, as well as gender differences of alcohol toxicity. Oxidative stress occurs following various conditions of ethanol consumption [13] .
Metadoxine is suitable for increasing reduced glutathione level, which is key to the redox homeostasis of the liver and the whole body. The effectiveness of the drug is established both in acute and in chronic alcoholism. Moreover, it helps the patient to be abstinent [14] [15] [16] [17] .
In Russia, a case-control study was conducted in which 20 patients with liver disease of alcoholic origin received intravenously glucose and vitamins, lipotropic drugs and 1,500-2,000 mg/ day of metadoxine, for thirty days. Metadoxine stimulated liver regeneration and the degeneration of liver cells normalized. It was well tolerated, did not cause side effects, and probably delayed the development of cirrhosis. Metadoxine does not activate alcohol-dehydrogenase or aldehyde-dehyn REVIEWS n [18] , except at concentrations above 0.1 mM, and so has virtually no physiological impact. In alcoholic cases, metadoxine plays a protective role against the accumulation of triglycerides, in a manner similar to ubiquinone [19] [20] . Metadoxine blocked the lowering of ATP concentrations in the brain and the liver [21] . Italian researchers conducted double-blind studies on the effects of metadoxine, in which 60 chronic alcoholics participated. They tested the effects of metadoxine given twice daily in 500 mg doses to chronic alcoholics, who were divided in two groups: those treated with metadoxine and an untreated group. Metadoxine brought about much quicker improvement in liver enzyme values (AST, ALT, and GGT). This improvement was accompanied by significant reduction in MCV for 20 of the patients. Based on their medical histories, the MALT (Munich Alcoholism Test) score for this group of 60 chronic alcoholics was significantly lower than those of the control group, and their need for benzodiazepine and/or neurolepticum had decreased. Metadoxine appeared to have helped maintain abstinence, at least in the short-term period [22] .
Alcohol abuse and alcoholism are responsible for a wide variety of medical problems. Chronic alcoholism is accompanied by fatty-acid metabolic disturbance. The levels of free fatty acid (FFA) and fatty acid-ethyl-ester (FAEE) have been measured in various organs of rats treated with alcohol. The level of fatty acid-ethyl-esters gradually increases under the influence of alcohol. Administering metadoxine prophylactically one hour prior to alcohol consumption significantly blocked the accumulation of both free fatty acid and fatty acid-ethyl-ester in all organs that were sampled. Metadoxine primarily blocked the formation of the saturated and mono unsaturated fatty acids with carbon chains. Metadoxine also changes the metabolism of fat in alcohol consuming patients [23] [24] [25] .
The pharmaco-therapeutic aspect of alcoholism includes the use of drugs, with different actions and objectives. Among them, metadoxine seems to be of interest. Metadoxine is able to accelerate the elimination of alcohol from the blood and tissues, to help restore the functional structure of the liver and to relieve neuro-psychological disorders associated with alcohol intoxication. Metadoxine also seems to be safe; more than 15 years of post-marketing surveillance revealed only minor aspecific and reversible events in patients exposed to the treatment [26] . According to recent studies, 900 mg intravenous metadoxine once daily could be recommended for the patients with ethanol intoxication [27] .
Chronic alcohol consumption may lead to primary and secondary malnutrition. In particular, protein energy malnutrition not only aggravates alcoholic liver disease but also correlates with impaired liver function and increased mortality. Therefore, in these patients, adequate nutritional support should be implemented in order to improve their prognosis. Clinical trials addressing this issue have shown that nutritional therapy either enterally or parenterally improves various aspects of malnutrition, and there is increasing evidence that it may also improve survival. Therefore, malnourished alcoholics should be administered a diet rich in carbohydrate-and protein-derived calories preferentially via the oral or enteral route. Micronutrient deficiencies typically encountered in alcoholics, such as thiamine and folate, require specific supplementation. Fatty liver represents the early stage of alcoholic liver disease, which is usually reversible with abstinence. Metadoxine appears to improve fatty liver but confirmatory studies are necessary [28] .
A multicentric, randomized, double-blind study was conducted on the effects of metadoxine therapy on liver function, in which 136 chronic alcoholics participated. Those who received metadoxine experienced much quicker and more complete recovery than the control group. Metadoxine accelerates liver regeneration: it normalized liver function values, and the ultrasonic picture improved. This is another study where metadoxine proved to be an effective treatment for early stage alcoholic fatty liver [29] .
In a recent three months follow-up study the authors examined the efficacy of metadoxine in a cohort of alcoholics admitted to the hospital at the University of Pisa (Italy). They analyzed the clinical data, psychometric tests and blood tests of 160 alcoholics on admission and after 3 months of treatment. They compared 58 patients treated with metadoxine with 102 patients who did not receive any drug as an adjunct to the psycho-educational interventions. At followup, the patients in treatment with metadoxine showed a significant improvement in the rate of complete abstinence. Furthermore, the number of drop-outs at three months of treatment was also significantly lower in the metadoxine group than in the control group. The authors conclude the use of metadoxine in the management of alcohol dependence in order to help patients to adhere to treatment programs and to prevent the development of mental and physical complications due to chronic and heavy alcohol consumption [30] .
Metadoxine in Acute Alcoholic Liver Toxicity
In order to study the role of metadoxine in acute alcoholic poisoning a double-blind, randomized, placebo-controlled study was done. Fifty-eight acute alcoholic intoxicated patients were included in the study, of whom 29 individuals received a one-time, intravenous 900 mg dose of metadoxine, and 29 persons received a placebo [25] . In patients with acute ethanol intoxication metadoxine accelerated the elimination of ethanol from blood, which led to faster recovery from intoxication, and improved the behavioral toxic symptomatology. On the basis of these data the authors suggested the use of metadoxine in the management of acute ethanol intoxication.
A recent randomized, open-label study [31] was carried out to evaluate the efficacy of 300 mg metadoxine (given intravenously) to supplement the standard treatment managing the physical and psychological signs of acute alcohol intoxication. Two groups were used in the study. One that received metadoxine in addition to the control treatment and one that continued the standard treatment alone. Fifty-two acutely intoxicated patients were randomly assigned to one of two groups and followed during a two-hour period. Changes in clinical symptoms, degree of intoxication, and blood alcohol level were monitored. Patients receiving metadoxine in addition to standard therapy significantly improved by at least one degree of intoxication (one clinical category) compared with those receiving standard treatment alone (76.9% versus 42.3%, respectively). Metadoxine-treated patients also exhibited a significantly greater decrease in blood alcohol concentration compared with those receiving standard treatment alone (-105.4 ! 61.5 mg/dl versus -60.1 ! 38.6 mg/dl, respectively). Metadoxine improved the clinical signs of acute alcohol intoxication and accelerated alcohol clearance from the blood, thus supporting existing data. No adverse effects were observed with use of metadoxine therapy [31] .
In acute alcohol intoxication the clinical manifestations are heterogeneous and involve different organs and apparatuses, with behavioral, cardiac, gastrointestinal, pulmonary, neurological, and metabolic effects. The management of an intoxicated patient occurs mainly in the emergency department and is aimed at stabilizing the clinical condition of the patient, depending on his/her clinical presentation. According to the most recent literary data one specific drug that is useful in the treatment of acute alcohol intoxication is metadoxine, which is able to accelerate ethanol excretion. In patients presenting with acute alcohol intoxication, alcohol-related disorders should be detected so that the patient can be directed to an alcohol treatment unit, where a personalized, specific treatment can be established [32] .
Non-alcoholic Fatty Liver
Non-alcoholic fatty liver (NAFLD) is a multi-factorial liver disease (Table 2) . It includes a wide spectrum of liver damage characterised by histological changes of alcoholic origin (ranging from uncomplicated fatty liver to steatohepatitis, fibrosis and cirrhosis) in non-alcoholics (< 20 g/day ethanol consumption). It is developed mainly by insulin resistance and oxidative stress, but the exact metabolic and cellular mechanisms are not fully understood [33] [34] [35] .
Researches have identified the factors that can play a causative role: oxidative stress, abnormal cytokine production, fatty-acid metabolic disturbance and insulin resistance (Figs 2-3) . The pathophysiology of non-alcoholic fatty liver involves insulin resistance and production of reactive oxygen species, which stimulate the synthesis of several cytokines through the upregulation of their transcription by nuclear factor-κB (NF-κB). The combination of these events causes hepatocyte injury via direct oxidative injury, TNF-α induced apoptosis, or inflammation [34] [35] [36] [37] [38] [39] .
James and Day have distinguished three stages in the progression of NASH: 1. fat builds up without other visible damage, 2. formation of fatty liver, 3. formation of fibrosis [40] . Clinically the fatty liver of alcoholic origin can be hardly differentiated from the NAFLD. There is data that is diagnostically characteristic of one of these diseases (Table 3) . Besides anamnesis (knowing the alcohol consumption) there are no specific clinical symptoms [41] . In biochemical examinations the values of the mean corpuscular volume (MCV) and carbohydrate deficient transferrin (CDT) are higher in alcohol induced fatty liver. It also follows that the AST/ALT rate can help in the diagnostic procedure [42] . n REVIEWS n Table 2 Causes of fatty liver and steatohepatitis Free fatty acids (FFA) have a decisive role in the development of insulin resistance by being transformed into acyl-CoA intracellularly (Fig. 2) [43] . In addition to the free fatty acids, TNF-α and hyperinsulinaemia also play a role in the activation of one of the mechanisms responsible for the negative control of signal transduction of insulin -namely the Ser/Thr-phosphorylation of insulin receptor and insulin-receptor-substrate (IRS) protein -that blocks the signal transduction processes of the insulin [44] . In this way muscle cells, hepatocytes, and adipocytes all become resistant to insulin. As a result of this, the glucose cannot enter the cells in spite of the presence of insulin, and cannot exert its effect on the metabolism. The result is that glycogen synthesis in the skeletal muscle, stimulated by the insulin, is clearly reduced due to the stalling of GLUT-4 [43] .
Dietary causes
Underlying the process, possible genetic defects or disorders of the capillary density are assumed in addition to the above-mentioned substances. It is important to note the mitochondrial disorders observed in NASH: The mitochondria are swollen, and ribbed; they lose their cristae, and often contain paracristal inclusions. The activity of MRC complexes is reduced in patients with NASH, showing a positive correlation with TNF-α levels, IR, and BMI values [46] . Inherited defects in the mitochondrial oxidative phosphorylation are supposed to exist in the offspring -diagnosed with IR -of patients with type 2 diabetes mellitus, leading to disorders in the intramyocellular fatty acid metabolism. The genes dependent on nuclear respiratory factor-1 (NRF-1) that code enzymes, that play crucial roles in the oxidative metabolism and mitochondrial function, are expressed to a lesser extent in diabetes mellitus and IR possibly due to the reduction of PGC1-expression (PPAR-γ co-activator 1-β and 1-α) [47] . Based on these observations, a connecting link between NASH and the metabolic syndrome also is formed by disorders of the mitochondrial function which is hereditary. It has also been demonstrated in NASH that IR is the main risk factor for transition into severe fibrosis [8] . Some authors recommend OGTT to be performed in the presence of non-alcoholic fatty liver in order to diagnose diabetes mellitus in its early stage [47] [48] .
In the metabolic syndrome FFA is released from the abnormal mesenteric tissue to a certain extent depending on the ratio of the β-3-and α-2 receptors in the given fat tissue, as β-3-adrenoreceptors and α-2-receptors are responsible for the induction and the inhibition of the lipolytic n REVIEWS n In recent years, more and more studies have been published that are searching for the relationship between NASH and the metabolic syndrome. By analyzing relations between NASH and obesity, as well as interconnections with insulin resistance, type 2 diabetes mellitus and disorders of lipid metabolism, several working groups have come to the conclusion, primarily on the basis of epidemiological studies, that NAFLD can be considered as the hepatic consequence of metabolic syndrome. Risk factors of primary NASH: obesity, insulin resistance or type 2 diabetes mellitus, dyslipidaemia, together with the hypertension, constitute the key components of the metabolic syndrome [5] .
Insulin resistance (IR) is of decisive importance in how NASH is expressed in a patient, expecially in the presence of a reduced mitochondrial oxidation. According to recent research this involves increased lipolysis in the peripheral tissues, an increase in fatty acid uptake by the hepatocytes, the β-oxidation of the fatty acids taken up by the hepatocytes increases, and the uptake of lipoprotein by the tissues is reduced due to insufficient lipoprotein lipase (Fig. 3) . IR is much more severe in patients with NASH than in those diagnosed with 'simple' fatty liver [52] [53] [54] [55] .
Metadoxine can be an important remedy, because it avoids oxidative damage. It can also be an effective treatment for non-alcoholic fatty liver. Oxidative stress and lipid peroxidation play a role in the pathogenesis of both alcoholic and non-alcoholic fatty liver. Kupffer and dendritic liver cells are the main inducers of the inflammatory reaction, cytokine production, fibrogenesis and lipid accumulation (in conjunction with, or independent of, alcohol consumption) [35] .
Autoantibody positive patients showed lower antioxidant capacity: lower SH-group concentration, decreased total antioxidant status, and elevated chemiluminescence intensity. Abnormal IL-6 concentrations were detected in most subjects belonging to both patient groups, but not significantly higher IL-6 concentrations were measured in autoantibody negative patients. The explanation for higher IL-6 concentration in NOSA-negative patients with better antioxidant capacity, as well as the relation between cytokine production and oxidative stress in NAFLD needs further investigation. Through our most recent work [56] we could conclude that non-alcoholic fatty liver disease undoubtedly has immune-mediated components in its pathogenesis, but further investigations are still needed to understand their significance and role in it, as well as their effects on activity and progression of NAFLD. We suppose that similar to alcoholic liver disease the aldehyde products of lipid peroxidation, such as malondialdehyde can react with proteins and form stable protein adducts. These are very immunogenic and capable of inducing immune response, resulting in generation of antibodies [57] [58] . NAFLD with autoantibody positivity may have a worse prognosis because of the impaired antioxidant status. Our results can confirm that antioxidants (like metadoxine) may also have beneficial effects on the progression of this widespread disease of uncertain pathogenesis. The pathogenesis of NAFLD undoubtedly has an immune-mediated component. We suppose that the appearance of autoantibodies in NAFLD is triggered by free radical reaction, but further investigations are needed to fully understand the significance, role and the exact mechanisms of NOSA production in NAFLD.
Unfortunately, proven treatment modalities for NAFLD do not exist [59] . Weight reduction, lipid-lowering drugs, blood sugar regulation, and conventional antidiabetic medications can be effective, but current treatment options for treating NASH are limited. Currently, treatment of NAFLD is focused on modifying risk factors (obesity, diabetes mellitus, hyperlipidaemia). Many therapeutic approaches have been attempted with varying degrees of success [60] . What remains clear is that combination, multimodality therapy is required for the effective treatment of NAFLD. According to the beneficial effect of metadoxine, as an antioxidant, it could be recommended as a supplementary drug within this treatment [35, 61] .
Experimental Studies
The protective effect of metadoxine during acute alcohol poisoning in the liver as well as other organs has been seen. In acute alcohol intoxication, the level of reduced glutathione decreases first, then that of oxidated glutathione increases, and glutathionereductase activity decreases [12] [13] [14] 16] . Evidence is accumulating which suggests that intermediates of oxygen reduction may be associated with the development of alcoholic disease. In addition, free radical-induced perturbation of the oxidant/antioxidant balance in cells is widely recognized as the main causative factor of age-related disorders. Calabrese et al. [62] investigated the effects of 25 months of ethanol consumption on the antioxidant defense system in different organs of rats in comparison with normal aging, in the absence and presence of treatment with metadoxine. They demonstrated that aged rats underwent a significant perturbation of the antioxidant defense system, as indicated by depletion of reduced glutathione (GSH) content, and increases in oxidized GSH and free radical-induced luminescence associated with a decrease of GSH reductase and an increase of GSH transferase activities. These modifications, observed particularly in the liver and brain with respect to other organs, were enhanced by long-term alcohol exposure, and interestingly, significantly reduced after metadoxine supplementation. In another study the team demonstrated the effectiveness of metadoxine in the management of all those pathological conditions in which a severe imbalance of cellular redox state seems to take place as a result of the generation of free radical species [63] .
Annoni et al. [64] evaluated the protective activity of pyridoxol-L,2-pyrrolidon-5-carboxylate (metadoxine) against CCl 4 intoxication in rats, especially in relation to liver fibrosis. After 6 consecutive weeks of CCl 4 treatment, the animals developed liver fibrosis and inflammation as revealed by histological analysis which also included semiquantitative scoring of these features. In addition the serum levels of the immunoreactive prolyl hydroxylase (SIRPH), an enzyme involved in the hydroxylation of the procollagen molecule, were significantly higher in the CCl 4 treated group of animals than in controls. On the contrary, animals treated with CCl 4 and metadoxine (200 mg/kg i.p.) had less severe liver fibrosis and normal SIRPH levels. On the basis of these results the authors suppose that metadoxine may be an effective pharmacological tool for preventing the progression of liver disease to cirrhosis in rats exposed to CCl 4 [64] .
Metadoxine tests on hepatocytes and dendritic liver cell cultures demonstrated their protective properties against the cytopathogenic effects of ethanol and acetaldehyde [65] . In the case of HepG2 cells, metadoxine prevents GSH depletion from ethanol and acetaldehyde, and reduces cell damage from lipid peroxidation. Metadoxine reduces the collagen synthesizing effect of acetaldehyde on dendritic liver cells, as well as TNF production. Metadoxine can positively influence the course of early stage liver disease by preventing the disruption of redox homeostasis. It also reduces the induction of TNF, thus blocking the first two steps in liver damage. On the basis of the results it can be supposed that metadoxine prevents glutathione depletion and the increase in lipid peroxidation damage caused by ethanol and acetaldehyde in HepG2 cells. In hepatic stellate cells, metadoxine prevents the increase in collagen and attenuated TNF-alpha secretion caused by acetaldehyde. Thus, metadoxine could be useful in preventing the damage produced n REVIEWS n CEMED 2009 n Volume 3, Number 1 n 74 n in the early stages of alcoholic liver disease as it prevents the redox imbalance of the hepatocytes and prevents TNF-alpha induction, one of the earliest events in hepatic damage [65] .
Alcoholic steatosis is the earliest and most common response to heavy alcohol intake, and may precede more severe forms of liver injury. Accumulation of fat, largely triglyceride, in hepatocytes results from the inhibition of fatty acid oxidation and excessive oxidative stress involving CYP2E1. In a recent study Ki et al. [66] evaluated the therapeutic effects of metadoxine, garlic oil or their combination on alcoholic steatosis in animal experiment. Feeding rats an alcohol-containing diet for 4 weeks elicited an increase in hepatic triglyceride content and induced CYP2E1. The concurrent administration of metadoxine and garlic oil to rats during the last week of the diet feeding efficaciously abrogated both fat accumulation and CYP2E1 induction as compared to the individual treatment at higher doses. Histopathology confirmed the ability of metadoxine and garlic oil combination to inhibit lipid accumulation. Blood biochemistry verified improvement of liver function in rats treated with metadoxine and garlic oil. Alcohol administration resulted in a decrease in AMP-activated protein kinase-alpha phosphorylation, which was restored by metadoxine and garlic oil treatments. Recovery of AMPK activity by metadoxine and garlic was supported by an increase in acetyl-CoA carboxylase phosphorylation. Hepatic fatty acid synthase expression was markedly decreased after alcohol consumption, which correlated with a decrease in AMPK activity and a commensurate increase in lipid content. Combined metadoxine and garlic oil treatments caused restoration of the fatty acid synthase level. These results demonstrate that the combination of metadoxine and garlic oil effectively treats alcoholic steatosis with CYP2E1 inhibition, which may be associated with the recovery of AMPK activity, promising that this combination may constitute an advance in the development of candidates for a new clinical therapy for alcoholic steatosis [66] .
In an experiment to evaluate liver-beneficial properties of metadoxine, not related with alcohol metabolism, bioactivation of external toxins or antioxidant mechanisms, the chronic bile duct ligation model (in Wistar rats) was used and results were compared with the effects of colchicine. Both compounds showed similar antifibrotic properties; metadoxine was more effective in preserving glycogen. Besides its antioxidant effects and its ability to induce alcohol metabolism, metadoxine possesses important antifibrotic and antinecrotic properties, while maintaining energy stores efficiently [67] .
In our laboratory with my coworkers (Váli et al.) , we used an ischaemic model for analysing the effects of metadoxine in hepatic ischaemia-reperfusion. Based on these data it can be concluded that metadoxine can protect the liver from the oxidative damage caused by ischaemiareperfusion. The beneficial properties can be detected even in the blood. Metadoxine may protect the liver from the injury caused by ischaemia-reperfusion through the restoration of redox homeostasis. Protection against necrosis is a well-defined aim of liver surgery, whereas the inhibition of apoptosis may have negative effects on patients undergoing surgery for hepatic cancer. Our short-term model can give new perspectives of the metadoxine treatment [68] .
Conclusions
According to the literary data, metadoxine has several beneficial effects within the living organisms (Fig. 4) . It is able to increase the ATP concentration in the liver, and to restore the redox balance. Furthermore it can inhibit an increase of triglycerides and fatty acid esthers in the hepatic cells, modify the apoptotic and necrotic processes as well as prevent the TNF-alpha induction which counters the increase of collagen in liver tissue. On the basis of the multifocal effect of metadoxine it can be recommended as a supplementary drug for use in the treatment of cases of alcoholic and non-alcoholic fatty liver diseases. n REVIEWS n 
